Background--Paclitaxel-eluting balloon (PEB) angioplasty has superior efficacy compared with conventional balloon angioplasty (BA) for de novo lesions of superficial femoral artery (SFA). Studies investigating the angiographic and clinical performance of PEB angioplasty versus BA for in-stent restenosis of SFA are limited. We performed a randomized trial to investigate angiographic and clinical performance of PEB versus BA for in-stent restenosis of SFA.
A variable degree of obstruction at the level of superficial femoral artery (SFA) is a common finding in patients with atherosclerotic disease of peripheral vessels. Guidelines recommend endovascular therapy as a first-line option for SFA disease. Conventional balloon angioplasty (BA), peripheral stents (with or without release of antiproliferative drugs), atherectomy devices, and paclitaxel-eluting balloon (PEB) represent valuable options as stand-alone therapies or in combination for patients with SFA disease. 1 Despite the favorable acute mechanical results with contemporary endovascular therapies for SFA disease, the rate of restenosis (vessel renarrowing at the site of a treated segment) is as high as 70% after BA and 50% after stenting. 2 PEB represents a breakthrough in the percutaneous treatment of SFA disease by providing local delivery of a target-specific antirestenotic drug without leaving permanent implants behind. Although recent data lend support for superior efficacy of PEB versus BA in de novo lesions of SFA, 3 the angiographic and clinical outcomes of PEB versus BA as therapeutic options for in-stent restenosis (ISR) of SFA remain poorly studied. 4 In particular, a randomized trial investigating the angiographic and clinical performance of PEB versus BA for ISR of SFA has yet to be performed.
Against this background, we performed a randomized trial in which patients with symptomatic ISR of SFA were assigned to either PEB or BA and received a follow-up angiography at 6 to 8 months and clinical surveillance at 6-and 24-month follow-up.
Methods Population
The ISAR-PEBIS (Paclitaxel-Eluting Balloon Versus Conventional Balloon Angioplasty for In-Stent Restenosis of Superficial Femoral Artery) trial was a prospective, randomized, active-controlled trial performed at 2 centers and designed to assess the angiographic and clinical performance of PEB versus BA for ISR of SFA. The trial was approved by the local ethics committee and was carried out in accordance with the Declaration of Helsinki. All patients provided written informed consent before inclusion in the trial.
The criteria for angiographic inclusion comprised the evidence of symptomatic ISR >70% or occlusion of SFA at the stented site. Restenotic lesions of SFA were classified according to Tosaka et al by visual estimate at baseline angiography, 5 as follows: class I, focal (≤50 mm in length; ISR at the stent body, the stent edge, or a combination of these sites); class II, diffuse (>50 mm in length; ISR not only with stent body lesions but also stent edge lesions); and class III, totally occluded ISR. Exclusion criteria were acute ischemia and/or acute thrombosis of the SFA, untreated ipsilateral iliac or popliteal artery stenosis >70%, severe renal insufficiency, life expectancy <1 year, and any contraindication to study medications. Allocation to treatments was accomplished by means of sealed, opaque envelopes containing a computergenerated sequence after the decision to proceed with the intervention. Patients who fulfilled all inclusion criteria and none of the exclusion criteria were randomized at a 1:1 ratio to treatment with PEB or BA.
Interventions
Endovascular procedures were performed by means of an antegrade or contralateral approach using a 6F or 7F introducer sheath. After wiring the lesion, predilation was performed in both study groups with a standard balloon catheter inflated for 2 minutes with a vessel:balloon diameter ratio of 1:1. Those patients assigned to treatment with PEB received an additional dilation with the IN.PACT Admiral (Invatec/Medtronic) balloon catheter. New-generation selfexpanding nitinol stents were implanted in patients with >50% residual stenosis or flow limiting dissection at final angiography (bailout stenting). Technical success was defined as residual stenosis <30% at final angiography. A loading dose of clopidogrel (600 mg) was administered to all clopidogrel-na€ ıve patients before angiography. Immediately after the decision to perform the intervention, patients were given 500 mg aspirin intravenously and 5000 U heparin intra-arterially. After the intervention, all patients received aspirin 100 mg per day indefinitely and clopidogrel 75 mg per day for at least 6 months.
End Points
The primary end point of the trial was the percentage diameter stenosis (DS), as measured by repeat angiography at 6 to 8 months. The first angiogram (at the time of randomization) as well as the repeat angiogram (primary end point evaluation) were performed in identical projections and transmitted to the Imaging Core Laboratory to be quantitatively evaluated. The target lesion was identified by the vascular anatomy, bone landmarks, stent struts, and a ruler placed under the patient's leg. The angiographic imaging of the target lesion was performed in accordance with the Quantitative Vascular Analysis Core Laboratory guidelines. All analyses were performed in the stent area and in the "in-segment" area.
Secondary end points of the trial were binary restenosis rate, as measured at repeat angiography; target lesion revascularization (TLR), target vessel thrombosis, ipsilateral amputation, or bypass surgery of the affected limb; and all-cause mortality at 24 months. The repeat angiography was scheduled per protocol at 6 to 8 months. All TLR were clinically driven and angiographically confirmed before treatment. All patients were evaluated at 6 and 24 months by telephone contact or office visit. The local research coordinators collected and forwarded the data to the Clinical Data Management Center (ISAResearch Center, Munich, Germany). Routine checking of obtained data against source documentation ensured data quality.
Statistical Analysis and Sample Size Calculation
Sample size calculation for the present trial was based on the following assumptions regarding the primary end point: To
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demonstrate a reduction in percentage DS from 60% (AE40%) after BA to 30% (AE40%) after PEB with a 2-sided a level of 0.05 and power of 80%, the number of patients needed was 29 per group. 
Results
Between April 2010 and December 2013, 70 patients with symptomatic (Rutherford classification 2-5) ISR of SFA were enrolled and randomized to receive either PEB (n=36) or BA (n=34) at 2 German centers. The flow diagram of the study is detailed in Figure 1 .
Baseline clinical (Table 1 ) and angiographic (Table 2 ) characteristics were well balanced between treatment groups. The majority of patients were male and presented with hypertension and dyslipidemia, and roughly one third had diabetes mellitus. The overwhelming majority of patients complained of severe claudication (Rutherford class ≥3).
Lesion length did not differ between PEB and BA treatment groups (132AE65 and 146AE69 mm, respectively). Notably, there was a numerically higher prevalence of Tosaka class II and III lesions in patients treated with PEB versus BA, although the difference between groups was not significant (P=0.14).
All patients received the treatments assigned without crossover between arms. A total of 11 patients underwent bailout stenting based on angiographic evidence of flow limiting dissections after dilation (6% versus 26%, PEB versus BA, respectively; P=0.02). In 1 patient assigned to BA, an acute thrombotic occlusion after bailout stenting was successfully treated with thrombus aspiration. Technical and procedural success was achieved in all procedures.
Angiographic Outcomes
Follow-up angiography was obtained in 54 patients (77%). The percentage DS at follow-up angiography-the primary end point of the study-was significantly reduced in lesions treated with PEB compared with those treated with BA (44AE33% versus 65AE33%, P=0.01; Table 3 ). Consistently, binary restenosis was significantly reduced with PEB in comparison to BA (30% after PEB and 59% after BA; P=0.03).
Clinical Outcomes
Mean duration of clinical follow-up was 26 months in both groups.
TLR was significantly reduced in patients treated with PEB compared with those treated with BA. Interestingly, the superior clinical efficacy of PEB compared with BA emerged 6 months after the index procedure (0% versus 21%, P=0.004) and persisted to 24-month follow-up (19% versus 50%, P=0.007; Table 4, Figure 2 ). For instance, all but 1 TLR performed at time of control angiography were clinically driven; indeed, 4 patients complained of Rutherford class 3, 2 patients complained of Rutherford class 2, and 1 patient presented an asymptomatic occlusive restenosis at routine duplex ultrasound. 6 In all cases, TLR was performed percutaneously without requirement for bypass surgery in any treatment group. One patient experienced a target vessel thrombosis 382 days after PEB therapy and was successfully treated with thrombus aspiration and stenting. Antiplatelet therapy at the time of target vessel thrombosis consisted of aspirin only. There were no ipsilateral amputations throughout the study period in any treatment group.
Three deaths occurred among patients treated with PEB, at 84, 162, and 483 days after index procedure: One sudden death (unknown reason), 1 cardiac death, and 1 death due to multiorgan failure and sepsis were recorded. No death was reported among patients treated with BA.
Discussion
ISAR-PEBIS was a 2-center, randomized trial that scheduled a control angiography at 6 to 8 months and clinical follow-up at 24 months for 70 participants with ISR of SFA who were randomly assigned to percutaneous therapy with either PEB or BA.
The main results of the trial can be summarized as follows: PEB therapy is associated with antirestenotic efficacy superior to that of BA, due to a lower percentage DS at repeat angiography and less TLR at 24-month follow-up, without safety concerns.
Although the widespread use of new-generation, selfexpanding, nitinol stents has reduced the technical shortcomings associated with BA for SFA disease, lumen renarrowing at the stented level continues to occur and represents a challenging clinical problem. 5 Multiple treatment options such as BA, repeat stenting, and debulking have been investigated in patients with ISR of SFA, but there is no established best treatment strategy for these patients. Previous data found PEB superior to BA for de novo SFA lesions. 3 In contrast, the efficacy of PEB in patients presenting with ISR of SFA remains poorly studied. A small-sample registry of patients with ISR of SFA treated with PEB angioplasty at a single institution reported a primary patency of 92.1% at 1 year. 7 Another study comparing 2 cohorts of diabetic patients with ISR of SFA treated at a single center with either PEB or BA reported a primary patency after PEB as high as 80.5% at 1 year. 8 Notably, 2 randomized trials comparing 2 different PEB technologies versus BA for ISR of SFA led to inconsistent results. The FAIR (Femoral Artery In-Stent Restenosis) trial showed a reduction in recurrent restenosis assessed by ultrasound at 6 months and lower risk of TLR at 1 year after a percutaneous therapy with PEB versus BA. 9 In contrast, the PACUBA I (Paclitaxel Balloon Versus Standard Balloon in In-Stent Restenoses of the Superficial Femoral Artery) trial showed improved primary patency rates but no benefit in terms of TLR at 1 year after a percutaneous therapy with PEB versus BA. 10 The conflicting results of these trials are likely attributable to the different clinical and angiographic complexity of the participants enrolled, the variable proportions of patient dropout at follow-up, and the heterogeneity of PEB technologies. Indeed, differences in drug dose, excipient to load the antiproliferative drug on the balloon surface, coating process, and catheter backbone may affect the amount of drug actually delivered into the vessel wall and the consequent neointima suppression of PEB. In this regard, no class effect among PEB platforms can be assumed.
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We present the results of the ISAR-PEBIS study, the first randomized trial investigating the performance of PEB versus BA for ISR of SFA out to 2-year follow-up. We found more effective inhibition of neointima proliferation at 6-to 8-month angiography and reduction in terms of TLR at 24 months after percutaneous treatment with PEB versus BA. These results merit careful discussion.
First, by delivering an antiproliferative medication without the requirement of an additional layer of stent, PEB should be preferred over other percutaneous strategies, such as plaque removal devices and stents. Indeed, the use of debulking devices, such as laser atherectomy, as a stand-alone therapy against BA has been associated with inconsistent midterm results. 12 Similarly, although drug-coated 13 or covered stents 14 showed acceptable patency up to 1-year follow-up, the progressive shrinkage of the vessel lumen by multiple stent layers may potentially impair the vascular compliance and increase the risk of recurrent ISR. 15 Second, the sustained efficacy with PEB versus BA in patients presenting with ISR of SFA in this trial is reassuring. Indeed, recent observations demonstrated a late "catch-up" phenomenon 2 years after PEB for ISR of SFA 16 and a similar risk of reintervention of the treated limbs 3 years after either PEB or BA therapy. 17 Preclinical models of restenosis after peripheral artery stenting have demonstrated that the permanent overstretch of the arterial wall with subsequent persistent neointimal growth due to metallic implants plays a pivotal role in ISR. In this respect, the synergy of different endovascular technologies holds promise 18 and should be investigated in future randomized trials. Third, in this trial, the number of deaths was higher among patients assigned to PEB compared with those assigned to BA, although this difference did not reach the threshold of statistical significance. Other studies have documented potential safety issues associated with the use of PEB in patients with advanced stages of peripheral artery disease 19 ;
however, the present study was unable to detect differences with regard to rare outcomes among treatment groups, and the play of chance cannot be excluded. Of note, all deaths reported in this trial were not related to peripheral artery disease. Finally, in this trial, bailout stenting was less frequent after PEB compared with BA. A fairly higher percentage of bailout stenting in patients treated with BA is a common finding in comparative studies against PEB for de novo or restenotic lesions. 3, 4 On the one hand, in this trial, operators were not blinded to assigned treatments, and the higher threshold for stenting after PEB than after BA therapy may reflect the belief that suboptimal acute results without vascular effects of PEB will translate into unacceptable rates of patency over time. On the other hand, a possible immediate effect of the antirestenotic drug in the PEB group cannot be definitively discarded.
Study Limitations
This study has some limitations. First, despite the favorable results with PEB compared with BA in the overall population, we did not investigate whether certain subgroups of patients or lesions profited the most, given the small sample size available. Second, the analyses regarding clinical outcomes should be interpreted with caution because the study was powered only for the primary angiographic end point. In addition, although PEB reduced the risk of recurrent ISR and TLR compared with BA, any further benefit in terms of walking or functional capacity or quality of life associated with PEB therapy deserves further investigation. Third, there is no consensus regarding the type and duration of antiplatelet therapies after PEB angioplasty. Although patients with ISR of SFA should be regarded as being at higher risk of adverse outcomes, we prescribed per-protocol aspirin and thienopyridines for at least 6 months after the index procedure. A possible treatment effect of PEB dependent on more potent or prolonged antiplatelet therapies deserves further investigation.
Conclusions
In patients with ISR of SFA, a percutaneous therapy with PEB compared with BA displays superior angiographic performance at 6 to 8 months and improved clinical efficacy up to 24-month follow-up.
